


Introduction

ould have a video display to
n-line presentation ...

uter to run simulations

s will be on running examples
Ul for novice users .

and a review of select scripted cases for
more advanced users

 Many of the examples are designed to
show the effect of various model settings

 In addition, several different real-world
examples will be reviewed

« Start with single-particle trajectories and
then expand to multi-particle dispersion



vs PC HYSPLIT Install

c:\Tutorial, also contains meteorological data & examples

?first time on a clean PC

Ghostscript, Ghostview, ImageMagick)
SPLIT_win64{R|U} v5.0.0_rev????.exe

| on a PC with an older version already installed

= Existing utility programs can be used with any version
Rename the old HYSPLIT directory (e.g. c:\hysplit_old)
Install new HYSPLIT
Renaming forces new code to reconfigure directories (default_exec)

= Hints

Create desktop shortcut to notepad
Show extensions for know file types



nstalling ActiveState Tcl/Tk

Vindows
Download windows installer: Download.exe
Downloads: ActiveTcl-8.6.9.8609.2-MSWin32-x64-5cchbd9ae8.exe
Then, install, as instructed ...



AC OSX HYSPLIT Install

o ${HOMEY Tutorial

e first time on a clean MAC

" ImageMagick)
d hysplit_v5.0.0.dmg
hysplit.app

- i'wiI copy the hysplit directory to your $HOME directory
(/Users/account/hysplit) and place the hysplit.app on your desktop

= To allow apps downloaded from anywhere: sudo spctl --master-disable

You may need to customize default_exec:
#Xwindows_dir: /opt/X11/bin
#lmage_Magick_pgm: /opt/local/bin/convert

= Install on a MAC with an older version already installed

Existing utility programs can be used with any version
Rename the old HYSPLIT directory (e.g. ${HOME}/hysplit_old)
Run the Install_hysplit.app



INUX HYSPLIT Install

S{HOME}/Tutorial

s first time on a clean computer

ostscript, ImageMagick)
, convert (check /usr/bin versus /usr/local/bin)
oository (follow emailed instructions)
~ https://svn.arl.noaa. gov 8443 /svn/hysplit/tags/hysplit.vX.Y.Z
. Edlt Makefile.inc and follow compilation instructions
* Create desktop icon: see /tutorial/bash/icon2desk.sh

 |nstall on a computer with an older version installed

* Follow SVN update instructions (see script /hysplit/update.sh)



1.4 HYSPLIT Directories

data2arl: convert data to HYSPLIT format
Source code for MM5, WRFARW, ECMWE

datem: data archive of tracer experiments and
meteorology

Data for all CAPTEX releases plus many other experiments
https://www.arl.noaa.gov/research/dispersion/datem/

exec:. contains compiled executables

document: detailed model description ARL-224.pdf
graphics: map background files

guicode: graphical user interface

html: GUI context sensitive help files

python: installation scripts for new display programs

working: default location for model input and output
To launch HYSPLIT GUI from working: ..\guicode\hysplit.tcl



2.1 Graphical User Interface

Trajectory Concentration  Advanced

default_traj default_conc TRAJ.CFG

default_tplot default_cplot CONC.CFG

I control I Isetup.cfg
|

l l

[ hyts_std ) [hycs_std ]

£ {
TRAJ.CFG | message | CONC.CFG

| tdump | [ cdump |

Display [ trajplot ] [concplot]

{r &

default_tplot default_cplot

| trajplotps | | concplot.ps |




2.2 Test Trajectory Calculation

PC > OS(C) > hysplit4 > working v O  Search working

A

NOAAHYSPLITMODEL Name Date modified Type
Forward trajectories starting at 0000 UTC 16 Oct 95 : L . :
NGM Meteorological Data L] MESSAGE 1/4/2016 8:34 AV File

] tdump /4/2016 8:34 AM File
L] TRAJCFG /4/2016 8:34 AM CFG File
rajplot.ps /4/2016 8:34 AM PostScript
' ] CONTROL 1/4/2016 8:34 AM File
ﬂ deTauit_conc 12/30/2015 10:59 AM  File
L] default_traj 11/30/20153:03PM  File
[ ] default_exec 4/13/2015 6:21 PM File
L] default_ftp 3/17/2014 1206 PM  File
ﬂ sample_conc 3/17/2014 12:06 PM File
L] sample_traj 3/17/2014 1206 PM  File
& blueball.png 2/22/2014 9:10 AM PNG File
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File: trajplot ps _ Page:"1"1ofd




2.3 lest Air Concentration Calculation
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NOAA HYSPLIT MODEL

Concentration (/m3) averaged between Omand 100m
Integrated from 0000 16 Oct to 1200 16 Oct 95 (UTC)
TEST Release started at 0000 16 Oct 95 (UTC)

>1.0E-12/m3
>1.0E-13 /m3
>1.0E-14 /m3
>1.0E-15/m3

Maximum: 5.1 E-12 /m3
Minimum: 2.2E-18 /m3

NGM METEOROLOGICAL DATA

PC > OS(C) > hysplit4 > working

~

Name

|| cdump
concplot.ps
| | MESSAGE
] vMsDIST
| ] CONC.CFG
.| CONTROI
| ] default_conc
B default_traj
E] default_exec
B default_ftp
B sample_conc

(] sample_traj

v O
Date modified

1/4/2016 8:46 AM
1/4/2016 8:46 AM
1/4/2016 8:46 AM
1/4/2016 8:46 AM
1/4/2016 8:46 AM
1/4/2016 8:46 AM

Search working

Type

File
PostScripf]
File

File
CFGFile
File

12/30/2015 10:59 AM  File
11/30/2015 3:03 PM File

4/13/2015 6:21 PM

File

3/17/2014 12:06 PM File
3/17/2014 12:06 PM File
/2014 12:06 PM File




File Scripting

W

m Windows Ease of Access

,i = Run for the first time

= C:\Tutorial\batch\test_conc_bat

= Review results

Windows Live Messenger

! Windows Live Movie Maker

= cd \hysplit\working
= dir

ﬁ Windows Live Photo Gallery

. Windows Media Player

= Edit and rerun

* notepad CONTROL

= _.\exec\hycs_std

= . \exec\concplot —icdump
= concplot.ps



2.5 Using CAPTEX Data

Concentration (pg/m3) averaged between O mand 100 m
Integrated from 1800 25 Sep to 2100 25 Sep 83 (UTC)
PMCH Release started at 1700 25 Sep 83 (UTC)

>3000 pg/m3
>1000 pg/m3
>300 pg/m3
>100 pg/m3
>30 pg/m3
>10 pg/m3

Maximum: 5.0E+04 pg/m3
Minimum: 8.0E-01 pg/m3

0600 24 Sep 83 AWRF FORECAST INITIALIZATION




3.1 HYSPLIT Meteorological Data

A file contains data for one or more time periods

Each time period consists of two types of fixed-length records
(for direct access): header and data

= The header record contains information about the grids and variables
= The data records are one per variable and level

Each data record contains

= 50 bytes ASCII with time and level data
= Followed by Number-X times Number-Y bytes of packed data

Because of a mix of ASCIIl and binary data on each record
never let the FTP client automatically decide on the mode

= |t should always be manually set to image or binary!

Various HYSPLIT compatible data are provided for the tutorial

= |f accessed on-line, there are links to download the data files



3.2 F TP Meteorological Data
or MAC=CMD+K

@ . § fip. ives/n 5~ | [ 500! @— ' e
c Q B ftp://arlftp.arlhg.noaa.gov/pub/archives/n 7.7 > . c Q S fip://ftpprd.ncep.noaa.gov/pub/data/r 7.7 -]

£ Most Visited | | Getting Started 3 Latest Headlines

| S Index of ftp://arlftparihqnoaagov/p... * |

£, Most Visited || Getting Started 5. Latest Headlines

| S Index of ftp://ftpprd.ncep.noaa.gov/... I + ‘

Index of ftp://arlftp.arlhq. . b/archi lysi
ndex of ftp://arlitp-arihq.noaagov/pub/archives/reanalysis/ Index of ftp://ftpprd.ncep.noaa.gov/pub/data/nccf/com

2, Up to higher level directory /hysplit/prod/hysplit.20101205/

Name Size Last Modified ], Up to higher level directory
[ README.TXT SKB  4/7/2008  12:00:00 AM
[ ] RP194801.gbl 120226 KB 9/26/2003  12:00:00 AM Name Size Last Modified

] RP194802.gbl 112460KB  9/26/2003  12:00:00 AM [ hysplit.100z.gfsa 156912KB  12/5/2010 4:32:00 AM
] RP194803.gbl 120226KB  9/26/2003  12:00:00 AM ] hysplit.100z.gfsf 637454 KB 12/5/2010 4:32:00 AM
| RP194804.gbl 116348KB  9/26/2003  12:00:00 AM ] hysplit.00z.gfslrf 27004KB  12/5/2010 4:37:00 AM
|_| RP194805.gbl 120226 KB 9/26/2003  12:00:00 AM || hysplit.t00z.nama 809061 KB 12/5/2010 2:19:00 AM
] RP194806.gbl 116348KB  9/26/2003  12:00:00 AM ] hysplit.t00z.namakf 37323KB  12/5/2010 2:18:00 AM
L] RP194807.gbl 120226KB  9/26/2003  12:00:00 AM [ hysplit.t00z.namf 850627 KB 12/5/2010 2:19:00 AM
|| RP194808.gbl 120226 KB 9/26/2003  12:00:00 AM [ hysplit.t00z.namsa 1079130 KB 12/5/2010 2:45:00 AM
|| RP194809.gbl 116348KB  9/26/2003  12:00:00 AM [ hysplit:00z.namsa.AK 620512KB  12/5/2010 2:40:00 AM
L] RP194810.gbl 120226KB  9/26/2003  1200:00 AM ] hysplit.400z.namsa.HI 69308KB  12/5/2010 2:38:00 AM
[ ] RP194811.gbl 116348KB  9/26/2003  12:00:00 AM ) hysplit00z.namsf T
L RP194812,gb 120226K8 - 9/26/2003  1200:00 AM | hysplit400znamsf.AK 1266879KB  12/5/2010 2:39:00 AM
U 222:22:: ﬁg;;j :: Z; iz ;zgj Ezggz m [ hysplit00z.namsf.HI 11504KE  12/5/2010 2:38:00 AM
= RP194903.bl . || hysplit.t00z.namsf.NEtile 223657 KB 12/5/2010  2:38:00 AM
0} Re194904.gbi 63sKE 9262003 120000 AM [ hysplit.t00z.namsf.NWtile 223657KB  12/5/2010 2:40:00 AM
O RP1Q4005 ahl 120226 KR QAN 12:00:00 AN L] hysplit.t00z.namsf.SEtile 223657 KB 12/5/2010 - 2:39:00 AM
|_| hysplit.t00z.namsf.SWtile 223657 KB 12/5/2010  2:40:00 AM

L FEY.Y.. rem P PP NI AP

NCEP for forecasts

ARL for archives and forecasts




wert Meteorological Data

"‘- meteorological data on an evenly spaced grid
Je or conformal projection) at multiple heights and
r the duration of the simulation.

.g ocess is complicated, it is best to use already
available!

rsion prog ms for multiple raw data formats are provided
the data2arl directory):

= NetCDF arw?2arl, cdf2arl, mer2arl
= GRIB-1 erad2arl, grib2arl

= GRIB2 api2arl

= MM5 mmbv3

= Although most data are well-documented (e.g. GRIB)
= Variables and order within each file may vary
= Temporal resolution and vertical coordinate system may differ
= Perhaps even for the same model!

= Some customization may be required!



jical Data Servers

~ ftp://arlftp.arlhg.noaa.gov/pub/
gov/pub/data/nccf/com/hysplit/prod/



ftp://arlftp.arlhq.noaa.gov/pub/
https://nomads.ncep.noaa.gov/pub/data/nccf/com/hysplit/prod/
ftp://gdas-server.iarc.uaf.edu/gdas1/
http://www.hysplit.uhu.es/

User Entered Meteorological Data

(=lo] x |

Create an ARL packed meteorological data file at 1 km resolution for
user entered data at a single location for one or more time periods.
Required input includes wind direction, speed, mixing depth, and
stability, defined by categores 1 (unstable) through 7 (stable).

§ sMULATION L0G == x)

METEOROLOGICAL PROFILE LISTING ...
Meteorological Profile: stndata.bin
File start time : 83 9 25 12 O
File ending time: 83 9 26 6 O

Meteorological Data Input File:
Profile Time: 83 9 25 12 O

299.
301.
303.
304.

225.
225.
225.
P

3500 -7.

levels and locations 4500 14,

5000 -17.

Latitude: |40.7 Longi tude: [jgg?g_____ Profile Location: 40.70 -83.50 ( 13, 13)
PRSS
1013
Processed Data Output File:
HGTS TPOT WDIR WSPED
50.0 .6 4.2 4.2 0. 287.2 224.9 6.0
100 .3 4.2 4.2 0. 287.4 225.0 6.0
- - 150 .0 4.2 4.2 0. 287.6 225.1 6.0
200 T 4.2 4.2 0. 287.8 225.0 6.0
300 .0 4.2 4.2 0. 288.1 225.0 6.0
500 T 4.2 4.2 0. 288.7 225.0 6.0
1000 .5 4.2 4.2 0. 290.4 225.0 6.0
1500 .2 4.2 4.2 5 292.1 225.0 6.0
— Program = STN2ARL 2000 0 4.2 4.2 5 293.9 225.0 6.0
. A 2500 .3 4.2 4.2 295.6 225.0 6.0
=  Same direction and speed for all 000 4.5 4.2 4.2 207.4 225.0 6.0
0 4.2 4.2 1 0 6.0
.3 4.2 4.2 0 0 6.0
5 4.2 4.2 9 0 6.0

= Standard atmosphere
temperature profile
= Turbulence defined within mixed
layer
= Program = SND2ARL
= Define sounding at one location
= Not available through the GUI




4.1 The Trajectory Calculation

83 09 25 17 start time & trajplot.ps - GSview
File Edit Options View Orientation Media Help
39.90 -84.22 10.0 start location EERRECaRCEIcE
. NOAA HYSPLIT MODEL "
g8 fun duration Forward trajectory starting at 1700 UTC 25 Sep 83
tdump output file 06 UTC27 Sep AWRF Forecast Initialization

c:/Tutorial/captex/ meteo directory*

captex2_wrf27uw.bin meteo file

o
N
<
@
=z
o
2
o
™|
-
«

Example of how a single
trajectory is insufficient to
explain the large- scale tracer
distribution seen in the
earlier CAPTEX data
animation.

Source %

Page: "1" 10of 1

*Change default location



4.2 The Trajectory Equation

P'(t+At) = P(t) + V(P,t) At

P(t+At) = P(t) + 0.5 [ V(P,t) +
V(P',t+At) ] At

At (min) < 0.75 / Umax

Horizontal in native input grid units
Vertical coordinates transformed to
0 = (Ztop - Zmsl) / (Ztop — Zgl)
Ztop defaults to 25,000 m




5‘-‘{ .3 Estimating Mixed Layer Depths

Review Problem #2 of Exercise #3

------- @ —

Profile Time: 83 9 25 18 O
Used Nearest Grid Point ( 24, to Lat: 39.90, Lon: -84.22
m hPa K K deg m/s K 2D Fields
SHGT PRSS TPP1 DIFR USTR DSWF SHTF LHTF TO02M UlOM V10OM WDIR WSPD
m hPa mm cm/s W/m2 W/m2 W/m2 o€ m/s m/s deg m/s
298 991 294 1 276 7 200 3 1 294 9 988 320 988 0 0 59.6 765 217 178 20.2 1.4 5.0 203.6 £e7
< < < < 3D Fields
PRES

371 983 2914 2744 292.8 087

985
983
556 . 980
977
972
864 . 967
963
956

:
:

DIFW SPHU
g/kg

-4E-6 5.4
2E-5
-4E-6
-1E-5
3E-5
4E-5
-3E-5
-4E-5
-1E-5
5E-5
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-2E-5
4E-6
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2622 PBLH =1222 m + 320 m = 1542 m MSL
2654 _ Sounding PBL ~ 850 hPA, 1592 m, 295 K




4.4 Mixed Layer Trajectories

The subgrid expands automatically during the calculation to encompss
the size of the plume. A subgrid larger than the meteorological grid
forces the model to load the entire data grid. Source heights and
concentration grid heights can be defined as either AGL (default) or
MSL.

Minimum size of the meteo subgrid: 10

Height unit for input and output
" Heights above ground level

" Relative to mean-sea-level

(¢ Fraction of the mixed layer

S tarting Location eal [ ———)

Set up 1 Starting Locations

Latitude Longitude Height (m-AGL)

Location 1 : 39.90 -84.22 0.5 -

@ trajplot.ps - GSview

File Edit

o
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b
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*
o
e
3
e
w

<
File: trajplot ps

Options View Orientation Media Help

NOAA HYSPLIT MODEL
Forward trajectory starting at 1700 UTC 25 Sep 83
06 UTC 27 Sep AWRF Forecast Initialization

443, 513pt  Page: "1" 1of 1



4.5 Computational Trajectory Error
600 m AGL 10 m AGL

Q trajplot.ps - GSview @ trajplot.ps - GSview
File Edit Options View Orientation Media Help File Edit Options View Orientation Media Help

Forward trajectory starting at 1700 UTC 25 Sep 83 Fowvard trajectory starting at 1700 UTC 25 Sep 83
06 UTC 27 Sep AWRF Forecast Initialization 06 UTC 27 Sep AWRF Forecast Initialization

(4] N
N N
< <
@ [s0]
=z =z
o o
> @
D D
» ™|
B .
[0} [}
* *
[} [
o o
3 =
(=] o
n w

Meters AGL
Meters AGL

18 00 06 12 18 00 086
09/27 09/28

<
File: trajplot ps 500, 248pt  Page: "1" 1of 1 File: trajplot.ps 484 250pt Page:"1" 1of 1




Computational Trajectory Error
Terrain Effects

Vertical

Forward Velocity = Backward

S

The backward trajectory at ground level does not know when the forward
trajectory first intersected the ground due to downward motion.



4.6 Meteorology Trajectory Error

Trajectory = integration of g Soien

File Edit Options View Orientation Media Help

position vector in velocity S NEIERRIGERIE CTCT: - I

NOAA HYSPLIT MODEL

c Forward trajectory starting at 1700 UTC 25 Sep 83
fl e I d 06 UTC 27 Sep  AWRF Forecast Initialization

Velocity field continuous in
space and time

o
N
<
@
=z
o
ot
o
™
-
©

Meteorological input data are
discreet in space and time

Source »

Discreet data are one of the
primary sources of error!

NARR and WRF shown in
example




4.7 Absolute Trajectory Error

Q trajplot.ps - GSview

] . . File Edit Options View Orientation Media Help
File Edit Format View Help

captex aircraft level = 914 m MSL

year mn dy shr dur lat lon pg/m3 plane NOAA HYSPLIT MODEL

1983 09 26 2042 0010 43.23 -76.19 2589.6 Forward trajectory starting at 1700 UTC 25 Sep 83
1983 09 26 2207 0010 43.33 -76.18 06 UTC 27 Sep AWRF Forecast Initialization
1983 09 26 0032 0006 40.78 -81.56 i\%
1983 09 26 0038 006 40.86 -81.81
1983 09 26 0044 0006 40.94 -82.04
1983 09 26 0050 0006 41.01 -82.26
1983 09 26 0056 0006 41.08 -82.47
1983 09 26 0102 0006 41.15 -82.69
1983 09 26 0108 0006 41.21 -82.93
1983 09 26 0114 0006 41.30 -83.17
1983 09 26 0120 0006 41.37 -83.39
1983 09 26 0126 0006 41.40 -83.61
1983 09 26 0132 0006 41.41 -83.83
1983 09 26 0138 0006 41.41 -84.01
1983 09 26 0248 0006 40.86 -81.81
1983 09 26 0254 0006 40.94 -82.04 11840.4
1983 09 26 0300 0006 41.02 -82.29 17846.4
1983 09 26 0306 006 41.09 -82.52 29936.4
1983 09 26 ©312 0006 41.16 -82.75 20467.2
1983 09 26 0318 0006 41.23 -82.97 1404.
1983 09 26 0324 0006 41.29 -83.21
1983 09 26 0330 0006 41.37 -83.43
1983 09 26 0336 0006 41.42 -83.65
1983 09 26 0342 0006 41.42 -83.88
1983 09 26 0348 0006 41.41 -84.00

OO0 OOOPRNDNOD® O ®
Source » at 39.90N 84.22W

1
1
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

Meters AGL

0
(<)
.0
.0
(%)
(<)

Page: "1" 10of 1

A backward trajectory from point of the maximum measured
concentration should pass over the release location.



9.1 Trajectory Vertical Motion

= \Wn = (-9n/ét - u dn/ox e oo s s
- v an/dy) / (an/oz)

NOAA HYSPLIT MODEL
Backward trajectory ending at 1300 UTC 28 Sep 83
06 UTC 27 Sep AWRF Forecast Initialization

= QOptions
= Model data field (default)
= [sobaric
= |sentropic
= Constant density
= None (iso-sigma)
= Divergence (default if data=none)
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w

= W affected by ...

= gpatial resolution
= temporal resolution (aliasing errors)

484, 187pt  Page: "1" 1of 1




Spatial and Temporal Resolution

Horizontal Resolution

Temporal Resolution

X/4

OO

t+At

Large cell average velocity fields may Too infrequent snapshots of the velocity
not represent the true internal field may not capture the finer time interval
structure. For instance, clouds and rain changes when intermediate values are

may be a sub-grid scale feature. interpolated between model output times.



9.2 Irajectory Flow Field

& trajplot.ps - GSview @ contour.ps - GSview

File Edit Options View Orientation Media Help

File Edit Options View Orientation Media Help
=lE] i 2] (G [ [«[ ] @ F= T Telal BIa =i
NOAA HYSPLIT MODEL o
Backward trajectory ending at 1300 UTC 28 Sep 83 NOAA AIR RESOURCES LABORATORY
06 UTC 27 Sep AWRF Forecast Initialization Valid Time (UTC): 83/09/27/12

~
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HGTS ( gpm) AT HEIGHT: 850.000

B 1344 M 1377 B 1410 1443
1476 1509 I 1542 B 1575 "

>

484 187pt Page:"1" 1of 1 File: contour ps Page: "1" 10of 1

The flow field is not well defined at the backward starting location.



9.3 [rajectories and Terrain

Trajectories that intersect the
ground continue

File Edit Options View Orientation Media Help

NOAA HYSPLIT MODEL
Forward trajectory starting at 0000 UTC 01 Sep 83

Trajectories that intersect the G001 Melorogeal Dt
model top terminate

The red forward trajectory
rises with terrain

o
o
o]
Q
-
= i
o |f
—
@G [
<
-
o

Source %

The blue backward trajectory
continues at the mountain top
level

Meters MSL

File: trajplot ps 66, 161pt Pge: "1" 1of 1




Trajectories and Terrain
Imperfect Options

Actual PBL

Model PBL
Model
Terrain

Actual
Terrain

Start trajectory at T from a height above model terrain
corresponding to height of actual ground level above model
terrain.

Start trajectory at B from a height above the actual ground
equal to a height above model terrain (M) so that it can be
affected by PBL processes!



9.4 Multiple Trajectories in Time

@ trajplotl.ps - GSview @ trajplot2.ps - GSview
File Edit Options View Orientation Media Help File Edit Opth>ns View Orientaticin Medii Help

NOAA HYSPLIT MODEL
N . NOAA HYSPLIT MODEL
Forward trajectories starting at 1700 UTC 25 Sep 83 Forward trajectories starting at 1700 UTC 25 Sep 83
06 UTC27 Sep AWRF Forecast Initialization 06 UTC 27 Sep  AWRF Forecast Initialization
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Source % at multiple locations

File: trajplot 1.ps 495, 164pt Page: "1" 1of 1 File: trajplot2 ps Page: "1" 1of 1

The surface tracer concentration distribution could be explained in large part by
the changing wind directions with height and time within the mixed layer.



Starting time (YY MM DD HH [mm]): |83 09 25 17

€ Starting Location Setup - O X
Total run time (hrs)

6 Set up 3 Starting Locations
Latitude Longitude Height (m-AGL)

Vertical Motion Methe Location 1 : 38.0 -84.0 600.0 E

Location 2 : 44.0 -74.0 600.0

Output (/path/file): Location 3 : [39.0 -83.0 600.0q

Selected riles: L

:/tutorial/captex captex2 wrf27uw.bin

The trajectory matrix configuration shown in
this section is a quick way to visualize the
flow regime by creating many simultaneous
trajectories.

9.9 Multiple Trajectories in Space

@ trajplot2.ps - GSview

File Edit Options View Orientation Media Help

NOAA HYSPLIT MODEL
Forward trajectories starting at 1700 UTC 25 Sep 83
06 UTC 24 Sep AWRF Forecast Initialization
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File: trajplot2 ps Page: "1" 1of 1



9.0 Meteorological Grid Ensemble

ﬁ trajplotl.ps - GSview
File Edit Options View Orientation Media Help

NOAA HYSPLIT MODEL
Forward trajectories starting at 1700 UTC 25 Sep 83
06 UTC 27 Sep AWRF Forecast Initialization

o
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@ |
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o
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o
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©
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n

Potential errors are large for a
single trajectory due to errors
representing a continuous field
at discreet points (try the
backward case)

Use multiple trajectories in time
or space to reduce uncertainty —




6.1 Frequency Analysis

Q freqplot.ps - GSview

File Edit Options View Orientation Media Help

from 600 m

> I
o
o
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3
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o
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<
File: fregplot ps

Trajectory Frequency

Values (% ) averaged between 0 m and 99999 m
Integrated from 0000 00 to 0000 00 00 (UTC)
Freq Release started at 0000 00 00 (UTC)

. >100 %

>10 %
>1 %

>0.1 %

Maximum: 1.0E+02 %
Minimum: 1.7E-04 %

B N
Ja )

METEOROLOGICAL DATA

Page: "1" 10of 1

Only one count per trajectory
Fi,j=100 = Ti,j/N

>Tij<1.0

N = number of trajectories

Q freqplot.ps - GSview
File Edit Options View Orientation Media Help

Trajectory Frequency

Values (% ) averaged between 0 m and 99999 m
Integrated from 0000 00 to 000000 00 (UTC)
(UTC)

>10 %
>1 %

>0.1 %

Maximum: 4.2E+02 %
Minimum: 1.3E-03 %

from 600 m

39.900 N 84.220 W

Source =

METEOR(jLOéICAL DATA

~

File: fregplot ps Page: "1" 10of 1

Count with Residence time
Fij=100 2 Ti,j/NP

2 s

P = number of points per trajectory



6.2 & 6.3 Cluster Analysis

Spatial Variance
SV =2 (P — Mi,k)2

Cluster Spatial Variance
CSV, =3, SV,

P = individual trajectory
M = cluster mean trajectory

3] (@l [F=

Standard
Change in TSV as clusters are combined

S
>
w
-
£
)
2
@
=
O

25 20 15 10
Number of clusters

File: clusplot ps 541, 222pt Page: "1" 1of 1

Total Spatial Variance
TSV =%, CSV,,



6.4 Source Geolocation

Run backward trajectories from
various locations corresponding
with high measured values

By superimposing these
trajectories it may be possible to
determine the source location

For a more accurate geo-location,
it is necessary to sample a variety
of different flow orientations

@ freqplot.ps - GSview
File Edit Options View

Orientation Media Help

(&l i[?] 0] [« ] @ F=

=\
o |l
S
]
o
~
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o
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@
e
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e
3

Trajectory Frequency

Values (% ) averaged between 0 m and 99999 m
Integrated from 0000 00 to 0000 00 00 (UTC)
Freq Release started at 0000 00 00 (UTC)

>10 %

>1 %
>0.1 %

>0.01 %

1| Maximum: 2.0E:01 %

Page: "1" 1of 1




6.6 Working Directory Cleanup

| auxiliary / ASCDATA.CFG

[ bdyfiles @ blueball.png

| cluster CONTROL

| data2arl default_conc

| | datem default_cplot

. document default==== —

"7 examples default. [ auxiliary

I oct1618.BIN

B exec default. [ bdyfiles I oct1718.BIN

| graphics @ greenb: [ cluster
[ guicode I hysplit2 [ data2arl
| html = hysplit4 | | datem

>

>

>

>

> / ASCDATA.CFG
Readme_hysplit.txt ' LABELS | ] document > 0 bdyfiles

>

>

>

>

>

@ blueball.png
default_conc
default_exec
default_ftp
default_traj

@ greenball.png
icon63.png
oct1618.BIN

BB working [ ] guicode oct1718.BIN
" working.603 = Etmlj - 9 partic:eipng |
Tdl eadme_hysplit.txt ~ particlelegend.png
O i gl i I "1 scripts plants.txt

: [ testi @ redball.
Working After Cleanup [ 3 sample.conc
Orlglnal — 603 [ ] working.603 sample_traj

[ 1 auxiliary

1 scripts I oct161: [ examples | I cluster
| | data2arl

[ testing ¥ oct171: [ exec
| | datem
= particle i guicode [ document
plants.t: = himl

i .| examples

@ redball.| Readme_hysplit.txt

sample_ | | scripts
sample. | | testing

B working 2 particle [ graphics

[ 7] exec
[ ] graphics

vV V V vV VvV vV vV vV v v Vv

After HYSPLIT GUI restart



- a

Starting time (YY MM DD HH): 83 09 25 17

@ Starting Location Setup - O X
Number of starting

Set up 1 Starting Locations
Latitude Longitude Height (m-AGL)

Total run time (hrs) ;. ..+50n 1 : [39.90 -84.22 10.0 -

= Cowme | o |

Vertical Motion Method: |0 = input model data _

Selected Files: E
: /Tutorial/captex captex2 wrf27uw.bin

Q concplot.ps - GSview

File Edit Options View Orientation Media Help

from 10m

% 39.900 N 84.220 W

NOAA HYSPLIT MODEL

Concentration (/m3) averaged between Omand 100m
Integrated from 1700 25 Sep to 0500 26 Sep 83 (UTC)
TEST Release started at 1700 25 Sep 83 (UTC)

— >1.0E-12/m3

>1.0E-13 /m3
>1.0E-14 /m3
>1.0E-15/m3

4 Maximum: 1.2E-12/m3
Minimum: 1.1E-19/m3

0600 25 Sep 83 AWRF FORECAST INITIALIZATION

Page: "1" 10of 1

If one particle (mass = 1/2500) were contained in a grid cell of volume 5x5x1
km (2.5E+10 m3), then the air concentration would be about 1E-14 units m3, a
number comparable to the lower end of the range shown in the calculations



oncentration Equations

ulence
(t) + Ubar
t) — Ubar
> Ul(t)Z )0.5
Iacement added to mean trajectory
s P(t+Ab),, = P(H+AL), . + U'(t+AL) At
- Turbulent velocity depends upon previous value
= U'(t+At) = R(At) U'(t) + U" ( 1-R(At)2)%5
= R(At) =exp (-At/TL)
= Computer generated Gaussian random number: A
= U'=g,A
= Turbulence statistic (assume o, =0, )
= From observations: tan o, =0, /u

= From model derived stability (Equations Section 9.3)



Air Concentration Equations

(sum particle trajectories to a grid)

3D Particle Model | Caussian 47 Top-Hiat
= Ac = m (Ax Ay Az)™
Puff particle distribution
= do,/dt=0,
Top-Hat Puff (r=1.5 0)
= Ac=m (1 r? Az)™"
Gaussian Puff (3 o)

= Ac=m (2 mo,°Az)" exp(-0.5 x%/q,?)




(.3 & 7.4 Single Particle Trajectory

@ concplot.ps - GSview Q concplot.ps - GSview

File Edit Options View Orientation Media Help File Edit Options View Orientation Media Help

NOAA HYSPLIT MODEL

Concentration (/m3) averaged between O mand 500 m
Integrated from 1700 25 Sep to 0500 26 Sep 83 (UTC)
TEST Release started at 1700 25 Sep 83 (UTC)

>1.0E-12/m3
>1.0E-13 /m3
>1.0E-14 /m3
>1.0E-15/m3

Maximum: 1.8E-12/m3
Minimum: 6.4E-15 /m3

NOAA HYSPLIT MODEL

Concentration (/m3) averaged between 0O mand 5000 m
Integrated from 1700 25 Sep to 0500 26 Sep 83 (UTC)
TEST Release started at 1700 25 Sep 83 (UTC)

>1.0E-13/m3
>1.0E-14 /m3
>1.0E-15/m3
>1.0E-16 /m3

Maximum: 2.1E-13 /m3
Minimum: 1.5E-17 /m3

= =
=) o
& &
S 3
= z
o o
S >
3 &
2 8
5 =
3L 3

0600 25 Sep 83 AWRF FORECAST INITIALIZATION

ile: concplot ps Page: "1" 1of 1

0 —-5000 m layer 0 — 500 m layer



(.5 Releasing Multiple Particles

100 1000 10000

B concplot.ps - GSview B concplot.ps - GSview & concplot.ps - GSview

File Edit Options View Orientation Media Help File Edit Options View Orientation Media Help

Gl w[¢]¥] @ [Z= EERRIECKIDTIKIECE

NOAA HYSPLIT MODEL NOAA HYSPLIT MODEL
Concentration (/m3) averaged between 0 m and 5000 m Concentration (/m3) averaged between 0 mand 5000 m
Integrated from 0500 26 Sep to 0500 26 Sep 83 (UTC) Integrated from 0500 26 Sep to 0500 26 Sep 83 (UTC)
TEST Release started at 1700 25 Sep 83 (UTC) TEST Release started at 1700 25 Sep 83 (UTC)

View Orientation Media Help
(ER RIS

NOAA HYSPLIT MODEL
Concentration (/m3) averaged between 0 m and 5000 m
Integrated from 0500 26 Sep to 0500 26 Sep 83 (UTC)
TEST Release started at 1700 25 Sep 83 (UTC)

. >1.0E-14 /m3 J o \iy ] >1.0E-14 /m3
|>1.0E-15 /m3 ( e 4 =T >1.0E-15 /m3
>1.0E-16 /m3 ‘ ' | ey >1.0E-16 /m3
>1.0E-17 /m3 R H \ >1.0E-17 /m3

Maximum: 5.2E-14 /m3 N e Maximum: 1.8E-14 /m3
Minimum: 1.1E-18 /m3 ) » Minimum: 1.5€-21 /m3

>1.0E-13 /m3
|>1.0E-14 /m3
>1.0E-15/m3

from 10m
from 10m

Sy = =
g § ]
3 3 3
z z z
8 8 g
e 8 8

Source
Source -
Source -

iad N A 5\ 38/
0600 25 Sep 83 AWRF FORECAST INITIALIZATION 0600 25 Sep 83 AWRF FORECAST INITIALIZATION

0600 25 Sep 83 AWRF FORECAST INITIALIZATION
<
Fie: concplot ps Page:"4" 4of 4

<
File: concplot ps 554, 315pt  Page: "4" 40of 4 File: concplot ps Page: "4" 4of 4

e Simulations with various particle number release rates show that more particles
are required for more realistic and detailed simulations (finer resolution grids)

 Realism comes with the cost of increased computational time

* This may become especially significant for continuous releases



(.6 Display Particle Positions

& partplot.ps - GSview NOAA HYSPLIT MODEL
Forward trajectory starting at 1700 UTC 25 Sep 1983

File Edit 06 UTC 24 Sep AWRF Forecast Initialization

SRE K
NOAA HYSPLIT MODEL

PARTICLE CROSS-SECTIONS
PARTICLE POSITIONS AT 05 00 26 Sep 83

o~
o
<
o]
=
o
a
(2]
m
-
©
x
w
4
>
=]
(]

Meters AGL

LAYER (m): <1000 <2000

T The center-of-mass trajectory
% o requires the installation of Python

0

Height AGL (m)

NUMBER OF PARTICLES PLOTTED: 10000

File: partplot ps Page: "4" 4of 4

~




(.( Particle Distributions using Puffs

Modeling the distribution requires fewer computational particles

Q concplot.ps - GSview
File Edit Options View Orientation Media Help

NOAA HYSPLIT MODEL Q concplot.ps - GSview
°°.“,.‘::g::;§';,g’nﬂ”3‘zgge;29§;’p':§“g§gg 26%2‘&"3"(3 File Edit Options View Orientation Media Help
TEST Release started at 1700 25 Sep 83 (UTC

Q concplot.ps - GSview

NOAA HYSPLIT MODEL File Edit Options View Orientation Media Help
Concentration (/m3) averaged between 0 m and
Integrated from 2300 25 Sep to 2300 25 Sep 83 (U!
TEST Release started at 1700 25 Sep 83 (UTC)

o [ Pz NOAA HYSPLIT MODEL

Concentration (/m3) averaged between 0 mand 5000 m
Integrated from 0500 26 Sep to 0500 26 Sep 83 (UTC)
TEST Release started at 1700 25 Sep 83 (UTC)

| - 1.0E-14 /m3

\ >1.0E-15/m3
>1.0E-16 /m3
>1.0E-17 /m3

Maximum: 2.4E-14 /m3

Minimum: 1.2E-24 /m3

=
§
3
z
8
2]
3

39.900 N 84.220 W

Source -

39.900 N 84.220 W

Gaussian

Source »-

0600 25 Sep 83 AWRF FORECAST INITIALIZATION

<
File: concplot ps Page: "4" 4of 4

100 Gaussian



(.8 Downwind Puff Splitting

Improves the representativeness of  |aliiigsiu

File Edit Options View Orientation Media Help

Minimum: 3.9E-22 /m3

modelled flow over a single puff EERRISC DRI EE -
' NOAA HYSPLIT MODEL :
Results in an ever-increasing  Iegrated from 0300 26 sep 10 0500 26 Sep 85 (UTC)
TEST Release started at 1700 25 Sep 83 (UTC)
number of puffs Hi v [ roerams
- >1.0E-16 /m3
E| -\ :‘ >1.0E-18 /m3
When NPUFF>0.5*"MAXPAR, puff £ B O || L9820

splitting is turned off

When NPUFF>MAXPAR, emissions
(emit new puffs) are turned off

If this occurs, air concentrations may
be under-predicted

=
o
N
N
3
4
o
o
]
&
Yo
(o]
e
3

0600 25 Sep 83 AWRF FORECAST INITIALIZATION

Address by increasing the value
of MAXPAR

File: concplot ps Page: "4" 4of 4



les versus Puffs

.ter representation of a complex
:rticle number and grid size must be

ecome an issue
If puff number exceeds r 2
The HYSPLIT default is the 3D particle mode

= Requires user to define the particle number requirements
rather than relying upon puff-splitting to smooth the distribution



Exercise #7

Total Mass = 1.0

n=12

Max=1/6 Max=3/12 Max=6/24

A finer concentration grid requires more particles ...
Or fewer particles could utilize a coarser grid

Particle number versus grid size sensitivity can be evaluated
using the maximum concentration

Minimum concentrations are also affected because the lower
limit is the mass of one particle divided by the grid cell size

This may be important if detection thresholds are a
consideration in the model results



s for CAPTEX Release #2

Iber of particles released = mass per

tational particle, it may represent

- One computational particle represents many billions
of pollutant molecules (Avogadro’s # 6x1073)

= Mass of input units = output units: g/h — g/m?

= Units only matter when doing mass conversions



‘ntration Display Options

ap optimization and interpolation
lisplay

ss-sections

izontal plane projection

caI meridional and longitudinal

= jsochron — arrival times at grid cell locations
= Grid point values
= gridplot —values at grid points (no interpolation)

= Polar-coordinate grid
= poleplot — requires special radius and distance grid



An integrated sys' Quick Start

Trajectories, Air Concel
Setup Run

Run Model

Display 4

Utilities 4

Special Runs » Binary File

Simple Listing

Multi-Processor 4 Convert to

Concentration Help GIS to Shapefile

Particle Adjustment

Postscript to Image

Transfer Coefficient

= conread
= Simple listing of
concentration file
contents

An integrated sys' Quick Start

Trajectories, Air Concel
Setup Run

Run Model

Display

>
Utilities 4 Simple Listing

Special Runs 4 Binary File

»
s prosessor T W

Concentration Help GIS to Shapefile DATEM

Particle Adjustment Dose

Postscript to Image IOAPI

Transfer Coefficient Station

con2asc

= |mport output to GIS
con2stn

= Time series at location

= |nput file of locations

= Enter single point (X117?)
timeplot

= Used to display con2stn



8.4 Air Concentration Statistics

https://www.arl.noaa.gov/research/dispersion/datem/

captex?_measitxt - Notepad C:\Workshop results file: statd wrf27uw.txt B scatterps - Goview
File Edit Format View Help Mecdel variation: Tracer number: 0 Station select: All
CAPTEX Release Number Two -

year mn dy shr dur lat CAPTEX

1222 23 §§ 2000 223 333 Unaveraged data peints for processing Release Number Two
. Percentile input for zerc measured Calculated vs Measured Concentrations

1983 @9 26 0000 83060 40.92

N (station number plotted)
1983 @9 26 0000 0300 41.30 Zero measured concentration value
1983 09 26 0000 0300 41.42
1983 09 26 0000 0300 41.30
1983 09 0300 41.27
1983 09 0300 41.33
1983 @9 0600 .20
1983 @9 2300 .38
1983 @9 2300 .77
1983 @9 2300 .92
1983 @9 2300 .30
1983 09 0300 41.42
1983 09 0300 41.30
1983 09 0300
1983 0300

File Edit Options View Orientation Media Help

Correlation coefificient (P=99%)
Regression Slope
T-value (|Slcpel/Standard Error)
Average measured concentration
296.80 Average calculated concentratiocn
0.85 Ratio of calculated/measured
16.284 Normalized mean square error
1514.64 Reoot mean square error
395 Number of pairs analyzed

NN OINNAOIOO®®

Log Calculated

-162.15 Average bias [(C-M)/N]
-357.89 Lo 99 $ confidence interval
33.59 Hi 99 § confidence interval
Fracticnal bias [2B/(C+M)]

.
o P
@ fj:;\,,;:‘gmhaﬁ“

", ami oot

False Alarm Rate [fa/(fa+hit)]
Probability of Detecti [hit/ (hit+miss)]
Threat Score [hit/(fa+hit+miss)] Log Measured

ig of merit in space (%) B Page:"1" 10of 1

Factor exceeding [N(C>M)/N-0.5]
Percent C/M £ 2
Percent +5
Percent C/M 10
Percent M>0 and
Percent M>0 and
Percent M=0 and

.6
.8
.2
.6
.6
.2
.8
.4
.4
.8
.8
.6
.4
.2
.2
.2
.8
.4
.8

Measured 95-th percentile
Measured 90-th percentile
218.40 Measured 75-th percentile
15.680 Measured 50-th percentile

1543.53 Calculated 95-th percentile
763.86 Calculated 90-th percentile
88.76 Calculated 75-th percentile
0.00 Calculated 50-th percentile

9.00 Kelmeogeorev-Smirnov Parameter




.9 Test and Optimize Input Files

€ Menus of Hysplit4 € Test and Optimize CONTROL and SETUP.CFG

Meteorology Trajectory

HYSPL
An integrated sys' guick Start
Trajectories, Air Concel

E= e

Run Model

Concentrati . . .
e SEE08 Invokes a program to analyze various input files such as CONTROL and

SETUP.CFG to determine if the user options are correctly configured.
Modified input files are written to CONTROL mod and SETUP mod.CFG. Copy
mods prior to running the model, however, GUI variables are not changed.
Update the GUI variables by reading the mod files from the retrieve menu.

Step 1: Analyze CONTROL and SETUP.CFG Analyze |

Display

Step 2: View Output Files ...

WIARNING | MESSAGE | CONTROL | SETUP

Step 3: Copy mods to CONTROL and SETUP.CFG Copy |

o L s

>
Utilities 4
>

Special Runs

Multi-Processor 4 Daily

Test Inputs

Concentration Help Dust Storm
Ensemble

GeoLocation

Global

Matrix

Daughter Products

Special Help

= Runs HYSPTEST, which is a simplified version of HYSPLIT

= Reads various input files and determines if user options are correct

= The program releases, transports, and disperses particles in the same
manner as a regular simulation, except only one particle is processed

= |f needed, modifications to CONTROL and SETUP.CFG are suggested



8.6 Simultaneous Multiple Grids

0.25 deg 0.05 deg

& concplot.ps - GSview @ concplot.ps - GSview

File Edit Options View Orientation Media Help

NOAA HYSPLIT MODEL
Concentration (pg/m3) averaged between Omand 100 m
Integrated from 2100 25 Sep to 0000 26 Sep 83 (UTC)
PMCH Release started at 1700 25 Sep 83 (UTC)

File Edit Options View Orientation Media Help

Concentration (pg/m3) averaged between Omand 100 m
Integrated from 2100 25 Sep to 0000 26 Sep 83 (UTC)
(UTC)

>10000 pg/m3
>1000 pg/m3
>100 pg/m3
>10 pg/m3

Maximum: 3.5E+04 pg/m3

Minimum: 2.6E-01 pg/m3

>10000 pg/m3
>1000 pg/m3
>100 pg/m3
>10 pg/m3
Maximum: 5.9E+04 pg/m3
Minimum: 8.0E-01 pg/m3

from 10m
from 10m

e >
g g
3 3
z z
3 3
& &

Source =
Source =

AWRF METEOROLOGICAL DATA AWRF METEOROLOGICAL DAT

548, 430pt Page: "2" 20of 8 File: concplot ps Page: "2" 20of 8

= For multiple meteorology grids, computations use only one grid per time step
= For multiple concentration grids, particles contribute mass to all grids
= Finer grids need more particles; shorter run duration requires fewer particles



Exercise #8

ReqUireS too mUCh time to do & timeplot.ps - GSview

File Edit Options View Orientation Media Help

both examples EEARISCRIDDIKE ISR

TIME SERIES PLOT
con2stn.txt

ShOW results from problem #1 First Sample: 1800 UTC 25 Sep 1983

 Finer concentration grid does
not mean better results

01GD :SUOJEsoT

Run problem #2, if sufficient
time is available to complete

g
1)
©
=
c
o
<
€
@
2
S

 Finer meteorology grid does
improve simulation!

 Preconfigured script available

@

DATE (Month/Day Hour UTC)

Page: "1" 10of 1




9.1 Case Study Base Configuration

captex aircraft level = 914 m MSL & concplot.ps - Gview

year mn dy shr dur lat lon pg/m3 plane
1983 09 26 0300 0006 40.86 -81.81 468.0
1983 09 26 0300 0006 40.94 -82.04 11840.4
1983 09 26 0300 0006 41.02 -82.29 17846.4
1983 09 26 0300 0006 41.09 -82.52 29936.4
1983 09 26 0300 0006 41.16 -82.75 20467.2

File Edit Options View Orientation Media Help

NOAA HYSPLIT MODEL

Concentration (pg/m3) averaged between Omand 100 m
Integrated from 0300 26 Sep to 0600 26 Sep 83 (UTC)
PMCH Release started at 1700 25 Sep 83 (UTC)

5>50000 pg/m3

>20000 pg/m3
>10000 pg/m3
>5000 pg/m3
>2000 pg/m3
>1000 pg/m3
>500 pg/m3

Maximum: 5.5E+03 pg/m3
Minimum: 9.2E-02 pg/m3

1983 09 26 0300 0006 41.23 -82.97 1404.0
1983 09 26 0300 0006 41.29 -83.21
1983 09 26 0300 0006 41.37 -83.43
1983 09 26 0300 0006 41.42 -83.65
1983 09 26 0300 0006 41.42 -83.88
1983 09 26 0300 0006 41.41 -84.00

NN NN NN NNNNN

Configure the HYSPLIT simulation
to output air concentrations
corresponding with one of the
sampling aircraft passes.

=
o
8
3
=z
o
3
&

Source =

0600 25 Sep 83 AWRF FORECAST INITIALIZATION

File: concplot ps Page: "1" 10of 1




9.2 Base Configuration Optimization

@ concplot.ps - GSview

AGL

File Edit Options View Orientation Media Help

EEREIECRIDTIRE ]

NOAA HYSPLIT MODEL

Concentration (pg/m3) averaged between Omand 100 m
Integrated from 0300 26 Sep to 0600 26 Sep 83 (UTC)

from 10m

=
o
&
3
=z
o
>
&

Source =

<
File: concplot ps

PMCH Release started at 1700 25 Sep 83

>2000 pg/m3
| >1000 pg/m3

187, 434pt Page: "1" 1of 1

(UTC)

- 50000 pg/m3

\ >20000 pg/m3
>10000 pg/m3
>5000 pg/m3

>500 pg/m3
Maximum: 5.8E+03 pg/m3
Minimum: 1.0E-06 pg/m3

or

ﬁ concplot.ps - GSview

MSL

File Edit Options View Orientation Media Help

EERE SRR CC

NOAA HYSPLIT MODEL

Concentration (pg/m3) averaged between 800 m and 1000 m
Integrated from 0300 26 Sep to 0400 26 Sep 83 (UTC)

from 10m

Source ¥ 39.900 N 84.220 W

File: concplot ps

PMCH Release started at 1700 25 Sep 83

(UTC)
- 50000 pg/m3

10 1>20000 pg/m3

>10000 pg/m3
>5000 pg/m3

>2000 pg/m3
>1000 pg/m3

>500 pg/m3
Maximum: 2.1 E+04 pg/m3
Minimum: 3.1E-06 pg/m3

0600 25 Sep 83 AWRF FORECAST INITIALIZATION

Page: "1" 10of 1

= Finer concentration grid at aircraft sampling level defined in m MSL
= Use horizontal Gaussian particle model for smoother looking results
= Reduced averaging time to more closely match 6 min aircraft collection
= What happens to the tracer release height when units equals MSL?



9.3 Turbulence Parameterizations

@ (7) Configure Turbulence Method - (m} X

Sets the methods used to compute the turbulent velocities, boundary

Determines how the meteorological
da ta are processe d to Compu te the llcxz:.scamhty, mixed layer depth, and particle or puff dispersion
horizontal and vertical turbulence i p——

" Kanthar-Clayson

Vertical Turbulence

" Velocity deformation
" Met Model TKE field
¢ Undefined

= The results shown here provide Bl

(¢ Hanna

some rationale for the the default o e

Set Stable=-1 for Hanna vertical Lagrangian Time Scale

turbulence settings e A

Boundary Layer Stability Vertical Mixing Profile

= Turbulence options are intended to  Heat and momentim fluxes @ Varies with height in 7
provide Some ﬂexibi"ty When USi ng ¢ Computed from U/T profile ( Replaced by PBL average
different input meteorological data it

(" From temperature profile

" Set as constant (m): [0

" Compute from TKE profile

= One use shown later is in the SRR
development of a physics ensemble " ouet oroveh Computation wethod

(¢ Linear ¢ Empiri

= Most similar, but Hanna variable T ruerce Rotosotzopy Fotors
- EENEE
shows the greatest differences Day: 018 Nights 0.8




9.4 Stability Computation Method

NOAA HYSPLIT MODEL

Concentration (pg/m3) averaged between 800 m and 1000 m Concentration (pg/m3) averaged between 800 m and 1000 m
Integrated from 0300 26 Sep to 0400 26 Sep 83 (UTC) Integrated from 0300 26 Sep to 0400 26 Sep 83 (UTC)
PMCH Release started at 1700 25 Sep 83 (UTC) PMCH Release started at 1700 25 Sep 83 (UTC)

1| I-50000 pg/m3 1 ‘ | -gsoooo pg/m3
>20000 pg/m3 - | oo o 20000 pg/m3
>10000 pg/m3 ‘ § § >10000 pg/m3
>5000 pg/m3 3 >5000 pg/m3
2000 pg/m3 3 2000 pg/m3
~ >1000 pg/m3 ; 3 : 1000 pg/m3
>500 pg/m3 - - e >500 pg/m3
Maximum: 2.3E+04 pg/m3 ‘ !
Minimum: 3.5E-06 pg/m3

Maximum: 1.8E+04 pg/m3
Minimum: 3.3E-08 pg/m3

39.900 N 84.220 W

i
-

Source

0600 25 Sep 83 AWRF FORECAST INITIALIZATION 0600 25 Sep 83 AWRF FORECAST INITIALIZATION
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z
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Heat and Momentum Fluxes Wind and Temperature Profile



9.5 Mixed Layer Depth Calculation

Concentration (pg/m3) averaged between 800 m and 1000 m
Integrated from 0300 26 Sep to 0400 26 Sep 83 (UTC)
PMCH Release started at 1700 25 Sep 83 (UTC)

Concentration (pg/m3) averaged between 800 m and 1000 m
Integrated from 0300 26 Sep to 0400 26 Sep 83 (UTC)
PMCH Release started at 1700 25 Sep 83 (UTC)

from 10m
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Source >

50000 pg/m3
20000 pg/m3

>10000 pg/m3
>5000 pg/m3
‘2000 pg/m3
1000 pg/m3
>500 pg/m3

Maximum: 2.2E+04 pg/m3
Minimum: 1.4E-05 pg/m3

0600 25 Sep 83 AWRF FORECAST INITIALIZATION

Force to 5000 m

from 10m

39.900 N 84.220 W

Source >

50000 pg/m3

>20000 pg/m3
>10000 pg/m3
>5000 pg/m3

2000 pg/m3
~ >1000 pg/m3

>500 pg/m3
Maximum: 7.4E+04 pg/m3
Minimum: 2.8E-05 pg/m3

0600 25 Sep 83 AWRF FORECAST INITIALIZATION

Force to 1250 m

When the PBL is from WRF, T(z), Ri, or fixed at 5000 m, the results are very similar.

The air concentration prediction is affected by the mixed layer depth only in situations

when the particles interact with this mixing boundary (the forced 1250 m case).



9.6 Turbulent Kinetic Energy

i D f. . . d . tI Concentra’(iond #pg/ms) averaged between 830 m and 1 C(:)OO m
m Integrat 0300 26 to 0400 26 83 (UT
e I n eS IXI n g I re C y " ?Dgl\;IaC?-l Rreolgase started :Ft) 1%00 25 Sep %% (U'I('C) )
: § 50000 pg/m3
2 _
. E - 05 (u 2 s \/ 2 + W 2) 20000 pg/m3

: >10000 pg/m3
= Stability not required | m—crars

from 10m

>5000 pg/m3
1000 pg/m3
>500 pg/m3

Maximum: 5.2E+04 pg/m3
Minimum: 2.5E-04 pg/m3

= Need anisotropy factor:
w2/ (U v
= Default=0.18
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0600 25 Sep 83 AWRF FORECAST INITIALIZATION

=  Why force a value?
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9.7 Dispersion Computation Method

NOAA HYSPLIT MODEL

Concentration (pg/m3) averaged between 800 m and 1000 m
Integrated from 0300 26 Sep to 0400 26 Sep 83 (UTC)
PMCH Release started at 1700 25 Sep 83 (UTC)

I -50000 pg/m3

>20000 pg/m3
>10000 pg/m3
>5000 pg/m3

2000 pg/m3
~ >1000 pg/m3

>500 pg/m3
Maximum: 2.6E+04 pg/m3
Minimum: 6.2E-07 pg/m3

0600 25 Sep 83 AWRF FORECAST INITIALIZATION

Mass consistent mixing

IDSP=2

Best for inverse modeling?

NOAA HYSPLIT MODEL

Concentration (pg/m3) averaged between 800 m and 1000 m
Integrated from 0300 26 Sep to 0400 26 Sep 83 (UTC)
PMCH Release started at 1700 25 Sep 83 (UTC)

1| 50000 pg/m3

Source >+ 39.900 N 84.220 W

[t

20000 pg/m3

>10000 pg/m3
>5000 pg/m3
=2ooo pg/m3
1000 pg/m3
>500 pg/m3

Maximum: 1.9E+04 pg/m3
Minimum: 6.4E-07 pg/m3

0600 25 Sep 83 AWRF FORECAST INITIALIZATION

Mass-coupled time averaged winds

wvert=.true.




Exercise #9

Compare first aircraft pass
results with second pass

Determine model
concentration profile at
location of measured peak

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

9.60E+01
6.10E+03
1.80E+04
1.80E+04
1.30E+04
1.10E+04
7.50E+03
2.80E+03
2.00E+02
2.90E-01




10.1 Display Scripting

USAGE: concplot -[options (default)]
—a[Arcview GIS: @-none 1-10g1@ 2-value 3-KML 4-partial KML]
+a[KML altitude mode: (©)-clampedToGround, 1-relativeToGround]
—-A[KML options: @-none 1-KML with no extra overlays]
-b[Bottom display level: (@) m]
—c[Contours: (@)-dyn/exp 1-fix/exp 2-dyn/lin 3-fix/lin 4-set 50-0,interval 10 51-1,interval 10]
—d[Display: (1)-by level, 2-levels averaged]
—e[Exposure units flag: (@)-concentrations, l1-exposure, 2-chemical threshold,
3-hypothetical volcanic ash, 4-mass loading]
—f[Frames: (@)-all frames one file, 1-one frame per filel
—-g[Circle overlay: ( )-auto, #circ(4), #circ:dist_km]
-h[Hold map at center lat-lon: (source point), lat:lon]
—i[Input file name: (cdump)]
—-j[Graphics map background file name: (arlmap) or shapefiles.<(txt)|process suffix>1]]
-k[Kolor: ©-B&W, (1)-Color, 2-No Lines Color, 3-No Lines B&W]
-1[Label options: ascii code, (73)-open star]
+1[Use THIS IS A TEST label: (@)-no, 1-yes]
—L[LatLonLabels: none=0 auto=(1) set=2:value(tenths)]
-m[Map projection: (@)-Auto 1-Polar 2-Lamb 3-Merc 4-CylEqul
+m[Maximum square value: @=none, (1)=both, 2=value, 3=square]
-n[Number of time periods: (©)-all, numb, min:max, -incr]
—o[Output file name: (concplot.ps)]
—-p[Process file name suffix: (ps) or process ID]
-gq[Quick data plot: ( )-none, filenamel
-r[Removal: @-none, (1)-each time, 2-sum, 3-totall
-s[Species: @-sum, (1)-select, #-multiplel
-t[Top display level: (99999) m]
—ul[Units label for mass: (mass), see "labels.cfg" filel
—v[Values[:labels:RRRGGGBBB color (optional,but must have 2 colons to specify color without label)
for <= 25 fixed contours: vall:labl1:RGBl+val2:1ab2:RGB2+val3:1ab3:RGB3+val4:lab4:RGB4]
-w[Grid point scan for contour smoothing (@)-none 1,2,3, grid points]
-x[Concentration multiplier: (1.0)]
—y[Deposition multiplier: (1.0)]1
-z[Zoom factor: @-least zoom, (50), 100-most zoom]
—-1[Minimum concentration contour value when -c=0 or 1: (0.0)-none, ( )-valuel
—2[Minimum deposition contour value when -c=0 or 1: (0.0)-none, ( )-valuel
-3[Allow colors to change for dynamic contours (-c=0 or 2): (©)-no, 1-yes]
—4[Plot below threshold minimum contour for chemical output (-e=2): (@)-no, 1-yes]
-5[Use -o prefix name for output kml file when -a=3 or 4: (@)-no, 1l-yes]
-8[Create map(s) even if all values zero: (@)-no, 1-yes]
—-9[Force sample start time label to start of release: (@)-no, 1-yes]




10.2 County Map Boundaries

Requires: shapefiles.txt

File name, line spacing,
thickness, RGB

'[Tutorial/maps/roads.shp’
00.0050.80.70.5

'[Tutorial/maps/county.shp’
00.0100.4 0.6 0.8

'[Tutorial/maps/states.shp’
00.0150.20.20.5

Edit for UNIX: ~/Tutorial/...

oncentration (pg/m3) averaged between 800 m and 1000 m
Integrated from 0300 26 Sep to 0400 26 Sep 83 (UTC)
PMCH Release started at 1700 25 Sep 83 (UTC)

‘ 50000 pg/m3
|| I >20000 pg/m3

>10000 pg/m3
>5000 pg/m3
=2ooo pg/m3
1000 pg/m3
>500 pg/m3

Maximum: 2.3E+04 pg/m3
Minimum: 2.9E-06 pg/m3

from 10m
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10.3 Enhanced Graphic Labels

from 10m

Panel label requires: e s £ SR
MAPTEXT.CFG |

>10000 pg/m3

‘ >5000 pg/m3

the graphic P T || e

= Displayed lines depend 2% Minimms 3.55.06 pym

Concentration (pg/m3) averaged between 800 m and 1000 m
e
= Not all lines transferred to || oo sons
Maximum: 2.3E:404 pgind
upon the graphic type

Border label: requires
LABELS.CFG
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ting KML/KMZ for GE

ton creates a "KMZ" file which is just a
contours in HYSPLIT_ps.kml and
ols

'not open Google Earth internally as

\working directory and open the "KMZ" file

. If the "KMZ" file has not been created, the uncompressed
"KML" file should still be available for display



ting HYSPLIT Shapefiles

am requires an option to create an output
_te format (most use either -a or -g)

" s are used to convert the generate
ts, line, or polygon shapefile

iill be created (*.shp, *.shx, *.dbf, *.prj)

10.6 Shapefile Overlays

= Those shapefiles can then be displayed in any HYSPLIT
plotting program as an additional map background file
(shapefiles.txt)



10.7 Python Display Options

Need a Python emulator, NOAA HYSPLIT MODEL

Concentration (pg/m?) averaged between 800 m and 1000 m
Integrated from 0300 26 Sep to 0400 26 Sep 1983 (UTC)
e. g . naconda PMCH Release started at 1700 25 Sep 1983 (UTC)
. : ‘ >50000 pg/m3
| >20000 pg/m?

>10000 pg/m?
>5000 pg/m?

e >2000 pg/m?
e >1000 pg/m?

>500 pg/m?

Available for trajplot,
concplot, and toaplot —
uses the same command
line options

Maximum: 2.4e+04 pg/m?
Minimum: 5.9e-04 pg/m?

£
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Source ¥ at 39.90 N

Multiple output formats
available: pdf, png, ...

Simple, city, or terrain
map backgrounds



11.1 Linear Mass Conversions

Day/Time POL1
25/18-21
25/21-00
26/00-03

26/03-06

26/06-09
26/09-12
26/12-15
26/15-18

Maximum concentrations for no conversion (base) and
10% per hour from pollutant #1 to pollutant #2

The conversion option is not intended to replace the need for non-linear chemical models,
but to provide some guidance as to the potential effect of first-order transformations.
ICHEM=2 automatically sets MAXDIM=2 to put new mass on different particles.
Total mass is the same as the no transformation simulation.



eposition of Gases

At (Bary + Buet + B.. )1
alculation, Vy = 0.01 m/s

di e mass is lost to deposition,
maximum concentration decreased by 20%



11.3 Dry Deposition of Particles

Vg = dy? g (pg - p) (18 )

Day/Time
25/18-21
25/21-00
26/00-03
26/03-06

26/06-09
26/09-12
26/12-15
26/15-18

The removal rate (Vd=Vg) is the same as for a gas, but the particles also
gravitationally settle. After 25 h, 30% of the mass is lost to deposition, but the
maximum concentration is higher than the no-deposition base simulation.



11.4 Wet L

Vs =HR TP

ieposition for Gases

Deposition (pg/m2) at ground-level
Integrated from 1800 25 Sep to 1800 26 Sep 83 (UTC)
PMCH Release started at 1700 25 Sep 83 (UTC)

g AN B >10 pg/m2
& -1 F '1 pg/m2
s R s
NV o oass g Mf’»fimurj: 1.4E-+01 pg/m2
In the example calculation N, || e

for molecular iodine (H=3.0),
only 0.005% of the mass is

lost to wet deposition

o
Al
o
<
(o]
z
o
S
@
[¢2]
®

Source >+

h A

0600 25 Sep 83 AWRF FORECAST INITIALIZATION




11.5 Wet Deposition for Particles

Deposition (pg/m2) at ground-level
— 8X 1 0-5 PO .79 Integrated from 1800 25 Sep to 1800 26 Sep 83 (UTC)
Wet PMCH Release started at 1700 25 Sep 83 (UTC)
A A >1.0E+05 pg/m2

- 10000 pg/m2
I >1000 pg/m2

The default scavenging L 1990 porm
coefficient (8x10-°), applied B/ | e oazes o

both below- and within-cloud

from 10m

Example mass removed 1 kg
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»

Deposition 10,000 greater
than gaseous wet deposition

Source

0600 25 Sep 83 AWRF FORECAST INITALIZATION

200 kg evenly deposited over
the earth = 400 pg/m?



12.1 Meteorological Grid Ensemble

Probability Distribution at 42.2 -78.8
Air Concentration ( g/m3) averaged between Omand 100 m Percentiles: 5, 10, 25, 50, 75, 90, 95, and Mean
Integrated from 1500 26 Sep to 1800 26 Sep 83 (UTC) T
PC50 Release started at 1700 25 Sep 83 (UTC)

>1.0E-09 g/m3

iy 1.0E-10 g/m3 o °

/

1.0E-11 g/m3 0
e >1.0E-12 g/m3 I ° °
o Maximum: 1.5E-09 g/m3 + °

\ S Minimum: 2.3E-13 g/m3

Lﬁ/ﬁ -1E- o |+ o

P

A el ~
2.0E-10 — I
+
| +

from 200 m

Air Concentration (/m3)
w o
moom
H 5

1.2E-10

7.6E-11

4.7E-11

Source - 39.900 N 84.220 W

e

el o X ‘ 2.9E-11
0600 25 Sep 83 AWRF FORECAST INITIALIZATION

1
26 26 26 26 26 27 27 27 27 27 271 27
09 12 15 18 21 00 03 06 09 12 15 18

Day-Hour (dd/hh)

Shows how results are sensitive to the meteorology data grid

Similar to the trajectory ensemble, but results are output to 27
concentration files with suffixes 001 through 027

Post-processing step sorts member results for each grid point and
creates probability, mean, and variance output files

Large range at early and later times due to many members having
zero values



12.2 Turbulence and 12.3 Physics Ensembles

Probability Distribution at 42.2 -78.8 Probability Distribution at 42.2 -78.8
Percentiles: 5, 10, 25, 50, 75, 90, 95, and Mean Percentiles: 5, 10, 25, 50, 75, 90, 95, and Mean

_
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Air Concentration (/m3)

26 27 27 271 27 27 27 27
21 00 03 06 09 12 15 12 21 00 03 06 09 12 15 18
Day-Hour (dd/hh) Day-Hour (dd/hh)

= Turbulence ensemble uses a random seed and reduced particle
number (1/27) to estimate uncertainty; alternate approach krand=4

= Physics ensemble reruns the simulation 15 times, each with
different turbulence and stability parameterizations

* In both cases, the uncertainty less than grid ensemble



12.4 Multiple Meteorology Ensemble

= Five output files: capex2 {...}

1. wrf27uw.bin
2. erad40.bin

3. narr.bin

4. wrf27.bin

5. wrf09.bin

= Results show much tighter
distribution than previous
ensembles!

= Not sufficiently independent
because 3 of 5 members
used WREF for the calculation
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Probability Distribution at 42.2 -78.8
Percentiles: 5, 10, 25, 50, 75, 90, 95, and Mean

25 26 26 26 26 26 26 26 26 27 27 27
21 00 03 06 09 12 15 18 21 00 03 06

Day-Hour (dd/hh)




ENSEMBLE RUN STATISTICAL SUMMARY

Lat
39.90
39.90
39.90
39.90
39.90
39.90

@® O @ Hysplit4 System Message

Lon
-84.22
-84.22
-84.22
-84.22
-84.22
-84.22

Statistical processing complete!

e ] — T—

= WRF performance better than NARR or ERA
= Ensemble mean (006) similar to the best model (004)

= Suggests care required in selecting ensemble members

- 12.5 Ensemble Verification

Corr
0.76
0.65
0.68
0.82
0.83
0.81




12.6 Ensemble Reduction Techniques

Opened 5 files
Group #: 1

= All member combinations are Rttt

min. Square Error 1.9677528E+06

Compared W|th measurements group members: 4

Group #: 2

to flnd the one with the the possible combinations:

min. Square Error 1.3705874E+06
A . . roup members: 1 5
minimum RMSE: #2 = (1 +3) |[rrmarmms
possible combinations:

= Obijective is to eliminate S e S e
Group #: 4
members that are not much Sl bl

5 min. Square Error 1.4938470E+06
different from each other, to |t e
. Group #: 5
reduce ensemble mean bias possible combinations:
min. Square Error 1.4618720E+06
group members: 1 2 3

= In forecast applications: update each analysis cycle with new data and
use the best ensemble for the next forecast

=  Without data: reduction techniques can also be used to compare
members to reduce redundancy



Exercise #12
Problem #3

— GEM code only s g

Advanced

Quick Start

'MPI — Special LINUX e
compilation (MPICH library) Run Model

Display

 Multiple serial executions —
all systems

Utilities

Special Runs

« Multiple executions from a
single directory

Concentration Help Run MPI Matrix

Run MPI Ensemble

: MPI Help



13.1 Counting Particle Trajectories

Particle Number (Particle)Average Omand 100 m
Integrated from 0900 26 Sep to 1200 26 Sep 83 (UTC)
PMCH Release started at 1700 25 Sep 83 (UTC)

- 1000 Particle
1| © >500 Particle

>200 Particle

Particle intersections sum on the | | >200 Pari
concentration grid | REEEY Wl e

Each particle has mass of 1.0

from 10m

20 Particle
>10 Particle

5 Particle
2 Particle
1 Particle

Maximum: 1.8E+01 Particle
“|| Minimum: 1.6E-04 Particle

Results are not divided by the grid
cell volume
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Output files are manipulated with
the concentration utilities

Source >+

0600

= Results are related to the trajectory frequency plot with residence time on
= However, unlike the mean wind only trajectories, includes stability effects
= Particle count results should be similar to the center-of-mass trajectories



13.2 Emissions from a Known Location

» For CAPTEX: emissions in g/h, measurements in pg/m?3

* The measured concentration (M) represents the product
of the atmospheric dilution (D) from the source to the
receptor and the emission rate (Q):

M [g/m?3] = D [h/m?] Q [g/h]

= |f the emission rate is unknown but the location is known,
and the calculation uses a unit emission rate, then the
model computes the dilution factor, re-arrange the
equation, and adjust for units:

Q [g/h] = M [pg/m3] / ( D [hr/m3] * 1E+12 [pg/g])



13.3 Backward vs Forward Dispersion

If multiple receptor stations exist, the “upwind” plumes can be
used to triangulate a source region

The emission can be estimated, if the dispersion from the
receptor to source is assumed to be the same as from source
to receptor

There is additional uncertainty in these calculation
In this example the dispersion rates differ by a factor of 3

The primary reason is because dispersion is always
calculated “forward” regardless of the direction of the
advection and turbulence has memory because

U'(t+At) = R(At) U'(t) + ..



13.4 Simulations from Multiple Samplers

Backward calculations automatically configured in pre-processor step from
sampling data file in DATEM format

In this CAPTEX example, the multiple simulations shown are not ideal for
triangulation because of near constant wind direction

In the “numerator” case the backward calculation emission rate is equal to
the measured value giving more weight to the source regions contributing to
the highest measurements

For the inverse case, the calculation emission rate is set to the inverse of
the measurement (1/M)

=  From before, M=DQ, the model computes C=DQ
= |fQis setto 1/M, the the model computes D/M
= Then the model output is the same as 1/Q

As the dilution increases (<<D), the emission rate must increase to maintain
the same measurement, hence other engineering information can be used
to estimated the maximum emission rate possible and hence the contour the
limits the emission regions



13.5 Source-Receptor Matrix

Receptor1 Receptor2 Receptor3 Receptor M
Rm from S$1
Rm from §2

Rm from S3
Air
Sn to R1 Sn to R2 Sn to R3 Concentration
Source Sensitivity Maps Maps

Set a switch (ichem=1) so that each source location has its own
concentration grid; Multiple sources run simultaneously

Model output results are treated as a matrix

= Each row represents a source, a concentration grid cell per column

= Each column is a grid cell, the row shows the concentration contribution from
each source to that location

Post-processing output options are standard concentration
maps for a source or source-location maps for each receptor



13.6 Source Location Statistics

Integrated from 0000 00 to 0000 00 00 (UTC)

= Application uses the matrix o Relase stared 10000 0. 0 (U10)
source results to find which
location gives the best fit with
the measured data

-

5 SLLLLL55LY
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= Any one of 6 statistical
metrics can be chosen to
determine the best fit
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STAT METEOROLOGICAL DATA




the Coefficient Matrix
defined in space, time, or both

N
SRR

RNy



Solving the Coefficient Matrix

A
9/25/83 15:00 9/25/83 15:59 9/25/83 17:00 9/25/83 18:00 9/25/83 18:59 9/25/83 20:00 9/25/83 21:00 9/25/83 21:59 9/25/83 23:00| 9/26/83 0:02

1
2 6.32E-02 3.35E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
3 0.00E+00 6.47E-03 2.16E-03 3.83E-03 9.58E-04 0.00E+00 0.00E+00 0.00E+00
4 0.00E+00 0.00E+00 1.08E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
5 4.46E-02 2.08E-02 8.25E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
6 1.06E-01 1.53E-02 2.87E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
7 9.58E-04 0.00E+00 1.44E-03 1.34E-02 1.15E-02 6.71E-03 2.88E-03 0.00E+00
8 9.57E-04 2.87E-03 2.87E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
9 8.32E-02 1.07E-01 3.92E-02 1.05E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2.01E-02 7.66E-03 3.83E-03 1.44E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.92E-03 1.01E-02 1.34E-02 1.87E-02 2.01E-02 2.17E-02 9.58E-03 0.00E+00
0.00E+00 7.66E-03 2.11E-02 2.63E-02 1.10E-02 1.71E-02 0.00E+00 0.00E+00
2.68E-02 5.31E-02 4.83E-02 3.49E-02 1.63E-02 1.54E-02 5.98E-03 0.00E+00
0.00E+00 1.44E-03 0.00E+00 0.00E+00 1.92E-03 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.90E-03 5.95E-04 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.78E-03 1.20E-03 0.00E+00
0.00E+00 0.00E+00 2.40E-03 8.62E-03 1.39E-02 2.55E-02 9.58E-03 0.00E+00
4.78E-04 4.31E-03 5.74E-03 2.54E-02 4.02E-02 5.31E-02 4.19E-02 0.00E+00
4.78E-04 3.83E-03 9.56E-03 2.06E-02 3.97E-02 2.56E-02 3.17e-02 0.00E+00
0.00E+00 2.39E-03 0.00E+00 9.57E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Assume that the concentration at receptor R is
the linear sum of all the contributing sources S
times the dilution factor D between S and R:

D; S; =R

S, = (Dij)'1 R,
Example shows hourly sources (15-23 UTC)
Measurements at 19 locations (last column)



/ing the Coefficient Matrix
Data Hypothetical Data

Result,
.576E+02,
.618E+03,
.966E+04,
.077E+04,
.393E+04,
.500E+03,
.552E+03,
.000E+00,
.000E+00,

Result,
.591E+04,
.383E+03,
.828E+05,
.226E+05,

.424E+05,
.720E+05,
.690E+05,
.000E+00,
.000E+00,

2
3
7
5
7
/i
4
(%]
(%]

= Difficult to obtain solution due to model errors
= |f square matrix, can use Excel to solve

= Correct answer should be: 6.7E+04



il
2
3
5
6
7
8
9

.1574E+03
.2455E+04
.6393E+04
.9375E+04
.1610E+04
.3270E+04
.4548E+04
.5617E+04
.6612E+04

OO0 P P NOOINOWDN

-:3.8 Cost Function Minimization

_st Function Solution Hypothetical Data

Result,
.576E+02,
.618E+03,
.966E+04,
.077E+04,

.393E+04,
.500E+03,
.552E+03,
.000E+00,
.000E+00,

= Alternate approach is cost function minimization
= Accounts for model and measurement errors

= The larger the errors, smaller departure from first-guess




14.1 Fire Smoke

Concentration (ug/m3) averaged between Omand 100 m
| E m IO U S F S too I S to Integrated from 1500 17 Apr to 1600 17 Apr 07 (UTC)
PM25 Release started at 1800 16 Apr 07 (UTC)

determine the emission rate: e

>100 ug/m3
' >50 ug/m3
->20 ug/m3
->1 0 ug/m3

Maximum: 1.0E+03 ug/m3
Minimum: 1.2E-07 ug/m3

from 100 m

= Blue Sky modeling framework
= Fire Emission Product Simulator
= \VVSMOKE-HYSPLIT interface

= Example uses NOAA's
implementation of Blue Sky

)
S]
~
i
©
=2
Q
i)
-
-
®
®
o
3
<3
(2}

= Assumes maximum rate from
prescribed burn as the rate
from a continuous wildfire



14.2 Dust Storms: Simplified Algorithm

Vertical dust flux (Q in g) as

| CONTROL - Notepad

&) CONTROL_dust0.txt - Notepad

File Edit Format View Help File Edit Format View Help

a fraction of the horizontal
transport:

= Q=Kpg'U.(U.2-U.2) A
= Q=0.01U.*A (simplified)

Threshold fixed at 28 cm/s

Over U.S. dust emission
algorithm needs 72 deg data

Define 3-point domain

Run pre-processor step to
define desert land-use cells

10 83 30 o0

3

38.80@ -115.00 10.0
41.00 -110.00 10.0
38.25 -114.75 1.0
30

2]

10000.0

1

C:/Tutorial/dust/
WRF201003.bin

10 @3 30 oe
26
40.00
40.25
40.00
40.25
38.50
38.75
39.00
39.25
38.50
38.75
39.00
39.25
39.00
39.25
39.50
39.75
40.00
40.25
41.00
39.00
39.25
39.50
39.75
40.00
40.25
41.00
30
e
1loee0.e
1
C:hTutorial\dust\
WRF20@10@3.bin

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
S el el e el e e el e s N e e el s N N e S e

.00 ©.606E+09
.000 ©.606E+09
.000 ©.606E+09
.000 ©.686E+09
.000 ©.606E+09
.000 ©.606E+09
.000 ©.606E+09
.000 ©.686E+09
.000 ©.606E+09
.000 ©.606E+09
.000 ©.606E+09
.000 ©.606E+09
.000 ©.606E+09
.000 ©.606E+09
.000 ©.606E+89
.000 ©.606E+09
.000 ©.606E+09
.000 ©.606E+09
.000 ©.606E+09
.00 ©.606E+09
.000 ©.606E+09
.000 ©.606E+09
.000 ©.686E+09
.000 ©.606E+09
.000 ©.606E+09
.000 ©.606E+09




14.3 Revised Dust Algorithm

= Soil-dust density (K) and o o
emiSSion area (A) are frOm . - . . 72.0 0.575E+04
satellite AOD climatology 50 s ee &k 0 e

66.6 8.353E+84
55.1 8.395E+84

.75 -113. .8 47.3 0.326E+84

- Q - KA (U U t) .75 -113. .0 66.4 0.261E+04
o = U x .75 -113. .8 74.8 0.166E+85

. 59.9 8.759E+84

-113.75 1@.0 47.3 ©0.429t+04
-113.5@ 1.0 56.8 @.36lE+04

= Last two columns in CONTROL e ?'3 515 051108
are U.tand KA

[ . -113 25 1
-113.e8 1

54.6 ©.643E+04
76.6 ©.535E+04

49.3 0.684E+04
44.8 ©.599E+04
55.2 ©.365E+04

e.e
e.e
e.e
@.8 56.7 ©.654E+04
e.e
e.e
e.e
8.8 75.1 ©.263E+@5

= Monthly emission files are
provided in the dust directory

C:/Tutorial/dust/
WRF201083.bin

dust2.bin



14.4 Adjusting Emission Factors

March and April

10° -
0.5000 0.7000 0.9000 0.9900 0.9990 0.9999
Cumulative Probability

Dust modeling requires some assimilative techniques

Emission climatology may not represent current conditions:
= Recent rain — causes crusting and higher thresholds
= Seasonal rain — lack of or excessive vegetation
= Previous dust storms — lack of erodible material
= Previous flooding events — excessive erodible material

Analyze climatology files to find maximum emission factors
Adjust threshold velocities as needed to trigger emissions



dioactive Decay and Dose

;particle IS reduced using the time constant

(-Brad At).
tant is defined by the half-life (T%):
" Doses (either Sv or REM) are computed from published
conversion factors, a constant for each radionuclide
= Airborne: (REM/h) / (Bg/m3).
= Deposited: (REM/h) / (Bg/m2)
= There are limitations to this simple approach
= Decay does not start until the particle is emitted
= For continuous emissions, the rate must be decay corrected

= Concentration and deposition are decayed during the calculation,
but not once written to the output file



15.2 Long-Range 1'°?! from Fukushima
2.5deg—-6h 0.5deg-3h

First Sample: 0000 UTC 14 Mar 2011 First Sample: 0000 UTC 14 Mar 2011

MVHQ :SuoieooT
MYHQ :SuoieooT

() )
€ £
S~

g =2
[a4] m
3 £
C N
S S
= 9
© ©
£ =
@ @
5] 3]
c c
Q o
o O

I\

DATE (Month/Day Hour UTC)

o
00 ¥1/€0
o
00 ¥1/€0

DATE (Month/Day Hour UTC)

= Assume that most of the I-131 emissions occurred during the venting and
explosion at Unit #2 for 24 h from 1200 UTC on March 14th 2011

= The total I-131 emitted has been reported to be about 150 PBq, which
converts to an hourly rate of about 5 PBq



Calculations from Fukushima

nodel for two surrogate species
ting noble gas (NGAS)
mall particle (RNUC)
he same computational particle

e dispersion/deposition for a continuous emission
| usmg a umt source and NO decay!

= Concentration, deposition, and radioactive decay are

computed in the post-processing step (pgm = con2rem)
* Cm=20Q,D,TCM, ]

j,k,m
= And time=i, species=m, decay=D, TCM-=dilution,
sampler location=k, sampling time=|



Dose Calculations from Fukushima

| activity.txt - Notepad - (]
File Edit Format View Help

T1/2 U235H U23sT Pu239H
sec Bq Bq B

Pu239T Cloudshine Groundshine Inhalation
Bq rem/h Bq/m3 rem/h Bq/m2 rem/Bq

q
3.02000E+06 1.62000E+13 1.62000E+13 1.62000E+13 1.62000E+13 1.26000E-03 2.62000E-10 2.33000E-06

2.18000E+07 6.4300RE+12 6.43000E+12 6.48000E+12 6.43000E+12 4.57000E-08 9.29000E-10 2.33000E-06
2.82000E+05 1.62000E+16 1.62000E+16 1.62000E+16 1.62000E+16 3.36@00E-09 7.630@0E-11 7.33000E-07
6.94656E+05 8.1000RE+15 8.10000E+15 3.10000E+15 3.10G0RE+1S5S 6.083400E-09 1.31040E-10 7.33000E-07
7.49000E+04 8.1000RE+15 8.10000E+15 3.1000GE+15 8.10G0RE+15 9.94000E-09 2.22000E-10 7.33000E-07
4.52995E+05 3.660@0E+17 3.66008E+17 3.66800E+17 3.66080E+17 5.00400E-10 0.00C0RE+20 O.00G0OE+R0
6.50000E+07 8.1000RE+14 3.10000E+14 3.10000E+14 3.1000RE+14 2.54000E-08 5.33000E-10 4.63000E-07
9.52093E+08 3.10000RE+14 3.10000E+14 3.10000E+14 3.1000GE+14 3.34080E-11 1.07640E-12 4.63000E-07
1.10160E+06 4.05000E+13 4.05000E+13 4.05800E+13 4.085000E+13 2.98520E-09 6.84000E-11 1.83000E-07
1.44979E+085 4.0@5000E+13 4.05000E+13 4.05000E+13 4.0@5000E+13 3.996@0E-08 7.77600E-10 1.07000E-07

from 100 m

Accumulated Dose (mSv ) at ground-level
Integrated from 1200 14 Mar to 0000 16 Mar 11 (UTC)

SUM Release started at 1200 14 Mar 11 (UTC)

- 100 msv
. >50mSv

>20 mSv
>5 mSv

-2 msv
o eimsy

141.5 142.0 >0.5 mSv

0.2 mSv

0.1 mSv
Maximum: 1.6E+01 mSv
Minimum: 2.6E-07 mSv

In post processing step each
radionuclide in activity file is
assigned a surrogate species

Total air and ground dose computed
= REM (1) or Sieverts (0.01 or 10 mSv)

L
(42}
(a2}
Q
™
<
-
P4
—
Al
N
N~
(2}
o
(3]
P —
>
O |
()]

Activity file can be modified for each

phase of the accident Note the dependence of

deposition to the resolution

No limit to the number of of the precipitation field

radionuclides assigned

3D particle near source results are
sensitive to grid size



16.1 Volcanic Eruptions

iﬂc:ﬂﬂc[.ict&—
File Edit
2

63.63 -19.62 1@0.0
63.63 -19.62 6000.0
12

e

32000.0

1

c:/Tutorial/volcano/
aprl420.bin

Format

Objective is to create a CONTROL file for a vertical line source with
four different particle sizes, each with different emission rates

Notepad

View

Hg File

-

1]':t:r"t:w:\_.::h:.,-,’ lotepad

Edit Format View Help
4

pees

©.0038E+16

12.0

20 00 oo ee 00
pe2e

©.0638E+16

12.0

20 00 oo oo o0
pe6e

©.250E+16

12.0

20 00 oo ee o0
p2ee

©.670E+16

12.0

20 00 oo ee o0
1

45.0 @.0

©.25 0.25

90.0 360.0

File

a4
2.
2

2.
2.
2.
2.
2

2.
2.
2.
6.
2

2.
2.
2.
2

2

2.
2.
2.

7| control_volc.txt - Notepad

DO O

OO

0 ®
o ®

Edit

m
|
@

Format View Help

[
o0 ®




16.2 Restarting the Model from PARDUMP

Objective is to run two more 12 h
simulations with different emissions

Rename PARDUMP from last
simulation to PARINIT

Reconfigure new emissions to 12
km for the next run

Restart the model with previous
particles emitted to 6 km

LAYER (m): < 4000

Continue for another 12 h emission
cycle but release to only 6 km

Height AGL (m)

0
NUMBER OF PARTIC




16.3 Assimilation of Satellite Data
Matching particle positions to observations

PARTICLE POSITIONS AT 1200 15 Apr 10

E
-
O]
<
=
foy
[
I

0

NUMBER OF PARTICLES PLOTTED: 17056



16.4 Particle Size Distributions

€ SIMULATION LOG

MESSAGE FILE LISTING ...
Simulation Date (CCYYMMDD): 20190520
Simulation Time (HHMMSS.S): 095013.347
NOTICE metini: turbulence undefined (kblt=0); setting to Kantha-Clayson

File Edit Format View Help

&SETUP

D
tratio = 0.75,
initd 0,
kpuff 0

s KG KT DATA SIZE NX NY
khmax 9999,

1 1 GDAS 111.2 91 51

main: number meteo grids and times -
Particle Redistribution

pollutant bin index emission

.6000000E+13 .2913560
.6000000E+13 .3706805
.6000000E+13 .4716018
.6000000E+13 .5999999
.6000000E+13 .7633557
.3600001E+14 .9711867
.3600001E+14 .235602
.3600001E+14 .572006
.3600001E+14 .000000
.3600001E+14 .544519
.0000003E+14 .103691
.0000003E+14 .866364
.0000003E+14 .816450
.0000003E+14 .000001
.0000003E+14 .474386
.3400000E+15 .711867
.3400000E+15 12.35602
.3400000E+15 15.72006
.3400000E+15 20.00001
.3400000E+15  25.44520

" Create NBPTYP number of
bins for each particle size

= Bin sizes increase by
dV/d(log R)

= CONTROL file sizes should
be sorted by increasing size

WO WwWwN =

B WNFHEFOEBWNEFOB WNEOB WN
WS WWNN -

I I e T T T = S = O S S SRS r S Sy

1
1
1
1
1
2
2
2
2
2
3
3
3
3
3
4
4
4
4
4




16.5 Creating a complex EMITIMES

MYYY MM DD HH  DURATION(hhhh) #RECORDS Time group header description
YYYY MM DD HH MM DURATION(hhmm) LAT LON HGT(m) RATE(/h) AREA(m2) HEAT(w) Emission record description
2010 04 14 00 0012 8 /‘// / First emission time group header record

| EMITIMES - Notepad

File Edit Format View Help
DURATION(hhhh) #RECORDS

2010 04 14 00 00 1200 63.63 -19.62
2010 04 14 00 00 1200 63.63 -19.62
2010 04 14 00 00 1200 63.63 -19.62

Emission record height 1, pollutant 1

0.0 0.0
0.0 0.0
2010 94 14 00 00 1200 63.63 -19.62 22 ZZ Emission record height 1, pollutant 4 MM DURATION(hhmm) LAT LON RATE(/h)
2010 04 14 00 00 1200 63.63 -19.62 0.0 0.0
2010 04 14 00 00 1200 63.63 -19.62 0.0 0.0 9012 8
2010 04 14 00 00 1200 63.63 -19.62 0.0 0.0 PO 1200 63.63 -19.62 100.0 ©0.01 0.0 0.0
2010 04 14 00 00 1200 63.63 -19.62 0.0 0.0 Emission record height 2, pollutant 4 00 1200 63.63 -19.62 100.0 0.07 0.0 0.0
00 1200 63.63 -19.62 100.0 0.25 0.0 0.0
00 1200 63.63 -19.62 100.0 0.67 0.0 0.0
00 1200 63.63 -19.62 6000.0 0.01 0.0 0.0
00 1200 63.63 -19.62 6000.0 0.07 0.0 0.0
00 1200 63.63 -19.62 6000.0 0.25 0.0 0.0
X . X 5 00 1200 63.63 -19.62 6000.0 0.67 0.0 0.0
= Configure three 12 h simulations w12 8
) )0 1200 63.63 -19.62 100.0 0.01 0.0 0.0
H r1 H | H : 00 1200 63.63 -19.62 100.0 0.07 0.0 0.0
|nt0 one 36 simu atlon 00 1200 63.63 -19.62 100.0 0.25 0.0 0.0
. . . 00 1200 63.63 -19.62 100.0 0.67 0.0 0.0
= Create EMITIMES file for emissions 00 1200 63,63 -19,62/15069% 0.01
; j . 00 1200 63.63 -19.62 12000.0 0.07
= Set emissions to zero in CONTROL 00 1200 63.63 -19.6¢ 12000.0f0.25

00 1200 63. -19.62 12000.% 0.67
9012 8

J0 1200 63. -19.62 100.
00 1200 63. -19.62 100.
00 1200 63. -19.62 100.
00 1200 63. -19.62 100.
00 1200 63. -19.62 6000.
00 1200 63. -19.62 6000.
00 1200 63. -19.62 6000.
00 1200 63. -19.62 6000.

.01
.07
.25
.67
.01
.07
.25
.67

LABEL Diameter Percent Release Rate
P006 0.6pm 1% 0.008E+16
P020 2.0um 7% 0.068E+16

PP ®®
PP OO ®
PO OO0 OO
PO OO O ®
PO OO O ®
SRR

PO60 6.0um 25%  0.250E+16
P200 20.0pm 67%  0.670E+16




 or Lagrangian Sampling

ed concentration grid, the model
d with a sampler that moves
utational domain

_fines an aircraft which has a
direction and speed

N can .  considered like a balloon that
~ moves passwely with the wind at its prescribed
height

=  Qutput is written to a special text file

= No graphics options are available



s or Mass Mixing Ratios

T output in mass/volume units

it measurements are given in volume
ume pollutant / volume air)

en units requires the pollutant’s molecular

| 'S"I"sﬁhortcut is to divide the output concentration by
the air density (ichem=6)

= The resulting output is then mass mixing ratio (mass
pollutant / mass air)

= Multiply this result by the ratio of the molecular weight of air
(29) to that of the pollutant to get the volume mixing ratio



17.3 Short-Range Dispersion Simulations

@ concplot.ps - GSview

e Omtiore View  Ortentat . Calculated vs Measured Concentrations
File Edit Options View Orientation Media Help (station number plotted)

T
Q
-
=
=
o
©
(&)
o
o
-

<

File: concplot ps Page: "1" 1of 12 Zoomed

Log Measured

When a time step of less than 1 min is required, a special code section is invoked to linearly
interpolate the particle positions to the concentration grid

Another option is to use puff rather than particle dispersion to reduce artificial diffusion.



17.4 Polar Coordinate Concentration Grid

Grld deﬁned in termS Of :201310182000 Pollutant: SFBE  Height: 25 |
distance and angle from the [l ?
source

Requires namelist variable:
cpack =3

Grid definition becomes:
1.0 0.1 - angle & spacing
360.0 5.0 - domain & range

N N - N N 1.000E-04

1.000 0500 0.200 0.100 0.050 0.020 0.010  0.005 0.002  0.001




17.5 Configuring STILT options in HYSPLIT

N,
Mair ] =

hf_) (X,' s Vi tm) ]vtot p=1

f‘(xrﬁ Iy |xi~yj~ tm) -

Atp,i,i,k'

Calculates a footprint field [ppm/(micro-mole/m2/s)] to represent the
flux, where m is the molar mass of air, p is the average density below h,
and h is half the mixed layer depth. The summation represents the
time that N particles spends in the lower half of the mixed layer.

STILT MODE ICHEM=8

Mass consistent dispersion IDSP=2
Hanna turbulence equations KBLT=5

Modified Richardson number KMIXD=3
Variable Lagrangian time scale @ VSCALES=-1.0
Grell convective mixing CAPEMIN=-2.0



file:///Users/roland/OneDrive/Tutorial_2020/html/parm_disp.html
file:///Users/roland/OneDrive/Tutorial_2020/html/parm_turb.html
file:///Users/roland/OneDrive/Tutorial_2020/html/parm_mixd.html
file:///Users/roland/OneDrive/Tutorial_2020/html/parm_turb.html

